ABSTRACT
INTRODUCTION
Brazilian colonization occurred without a specific planning and, as a consequence, natural resources, particularly forests, were greatly affected, especially by the economic interests. In the Brazilian history, the native land cover vegetation was removed and substituted by the agriculture, mainly of the sugar cane and also pastures. These processes result in deforestation, especially in the Brazilian southeast region (Martins, 2001) . In Brazil, the sugar cane cultivation passed for different periods, always presenting an increasing cultivated area. From 1901 to 1950, the production increased five times. From 1950 to 1970, the cultivated area quadruplicated. In 1975, with the implantation of the Proalcohol Program, the production of the sugar cane grew up from 68 million tons/year to 223 million tons in the year of 1991 (Carvalho, 1993) . In the last 15 years, sugar cane cultivation still continues to expand, reaching more than 338 million of tons (Carvalho Filho, 2000) . Brazil is the main producer of the sugar cane, with 27% of the worldwide production (Institute of Agro-industrial Development, 1998) . In Brazil, the sugar cane is the main source of sugar (sucrose) and for alcohol production through a fermentative process. The produced alcohol is exported to other countries and also is used as an alternative and renewable combustible for transport (Carvalho Filho, 2000) . In the southeast Brazilian region, mainly in the state of São Paulo, the sugar cane culture has also been enlarged. The annual production of the state of São Paulo is of about 200x10 6 tons covering an area of 2.5x10 6 ha. The use of the fertilizers containing different concentrations of the metals Pb, Ni, Cr, Cd and Zn (Angelotti-Netto et al., 2004) during different periods of the cultivation of the sugar cane, in addition to the deforestation of the riparian vegetation, have caused impacts on the hydric resources of the adjacent areas. These impacts are caused in general by the absence of the riparian vegetation, which is responsible for absorption of the toxic products that come from the cultivated areas (Dudgeon, 1989; Nery, 2000; Martins, 2001; Primavesi et al., 2002; Angelotti-Netto et al., 2004) . Moreover, in the absence of the riparian shading, light-related factors have influenced indirectly the primary production of the streams and, consequently, the composition of the periphyton (Mosisch, et al., 2001; Bojsen and Jacobsen, 2003) . Studies with the objective of detection of possible impacts of the sugar cane cultivation in waters of rivers, streams and lakes have demonstrated that mainly in opened areas (without riparian vegetation), chemical toxic products (fertilizers and insecticides) used in the sugar cane culture are carried out to the streams, through a runoff process, contaminating the water and sediments (Corbi et al., 2006) and causing bioaccumulation in different trophic levels (Santos, 1999; Oliveira and Tornisielo, 2000; Angelotti-Netto et al., 2004) . According to the Brazilian federal laws, the areas with the riparian vegetation are classified as a permanent preservation area. In this context, knowledgement about the relationship between the sugar cane cultivation and its influence on the stream macroinvertebrate communities is of high importance for Brazilian sustainable development (Ometo et al., 2000; Roque and Trivinho-Strixino, 2001 ). In the present work, the influence of the agricultural activity, in particular the sugar cane culture, on stream macroinvertebrate communities was studied.
MATERIALS AND METHODS

Study sites
The 11 streams analyzed are all located on Jacaré-Guaçu River Basin, state of São Paulo, Brazil (Table 1 ). All streams are of low order and are located at low altitude from 500 to 700m. The average annual precipitation in the Jacaré-Guaçu River basin is about 1400 mm. The wet season occurs between October and March, while dry season occurs from April to September. Sites C1 to C5 are located in the extensive areas with the sugar cane cultivation. Sites M2 to M4 are located on the areas with forested areas and M1 in the area with impacted riparian vegetation. Sites P1 and P2 are located in the pasture areas, without riparian vegetation.
Macroinvertebrate communities
Macroinvertebrates were surveyed in three coincident periods of the three stages of the sugar cane cultivation (plantation, cut, pos-cut): March/April, 2002; June/July/August, 2002; November/December, 2002. Thirty three samples were collected: 15 in the streams with the sugar cane culture, 12 in the streams with the riparian vegetation and 6 in the pasture areas. The macroinvertebrates were collected using a D-frame (Merrit and Cummins, 1996) aquatic net (250 µm) including riffle and pools areas, during 5 minutes, as recommended by Fontoura (1985) . Three collections were combined into a single collection at each site. Samples were taken to the laboratory, washed in a sieve of 0.21mm of mesh, selected on illuminated tray and fixed with 70% alcohol. The insects were dominant and the taxonomic identification was achieved at family level for most of them on the basis of the available published data (Brinkhurst and Marchese, 1991; Merritt and Cummins, 1984) . Larvae of Chironomidae (Diptera) were analyzed until the morfotypes (Trivinho-Strixino and Strixino, 1995) .
Physical and chemical characterization
In order to aid the evaluation of the integrity of the 11 streams, physical and chemical parameters of the water and sediment were measured. Physical and chemical variables of the water (pH, temperature, dissolved oxygen and electric conductivity) were measured in situ, by using a Water Quality Checker device (Horiba). Triplicate water samples were collected from each site for the analysis of the total nitrogen and total phosphorus. Analyses were performed by using the techniques described by Valderrama (1981) . Triplicate sediment samples were also collected for the organic matter analysis and metals (Cu, Fe, Cd, Zn, Mn, Cr and Ni) . The organic matter content was determined by the mass loss after ignition (550ºC, 4 h) in dry fractions of sediments (dried in stove; 105ºC, 12 hours), in accordance with the techniques described by Maitland (1979) . The methodology for the analyses of metals was described by Corbi et al. (2006) . 
Data analysis
In the state of São Paulo, there is no index correlating the macroinvertebrate communities and the local environment, or any water-quality index using the benthic fauna (Ometo et al., 2000) . Moreover, many assessment techniques adopt a multimetric approach using a suite of simple metric to assess environmental degradation. The strength of this approach lies in its ability to integrate information from the various features of a community to give an overall classification of degradation without losing the information provided by individual metrics (Thorne and Williams, 1997) . Consequently, in this study, the stream macroinvertebrates were analyzed by the participation of each taxonomic group and for the total of organisms collected. In order to evaluate the integrity of each stream, the community characteristics were determined by the following metrics: richness index (Margalef), diversity index (Shannon), BMWP (with regional adaptations) and Belgian Biotic Index, EPT percentage (Ephemeroptera, Plecoptera and Trichoptera), ratio (%) of the number of EPT families by the total number of macroinvertebrate families (EPT/total of families X 100), ratio between the number of EPT (sensitive) and Chironomidae (tolerant) (EPT/Chironomidae X 100), ratio between the Chironomidae number and the total of individuals collected (Chironomidae/total X 100), ratio between the number of Chironomus larvae and the total Chironomidae number (Chironomus / Chironomidae) and the ratio between the amount of shredders and collectors (shredders/collectors x 100) according to Merrit and Cummins classification (1984) . The Estimates Program (Version 6), to calculate the richness index (Margalef) and the diversity index (Shannon) was used. An analysis of variance Kruskal-Wallis (ANOVA) was applied for the bioavailable metals to detect significance differences between the streams. The Statistic program (version 5.0) was used to perform this statitistical analysis.
RESULTS
Macroinvertebrate communities
In this study, 3365 organisms of 37 families of macroinvertebrates were analyzed (Table 2) . In all the streams, the Chironomidae (Diptera) dominated the macroinvertebrates fauna, with 70% of the total of the collected macroinvertebrates (from 54% in the Espraiado stream to 90% in the Água Sumida stream) (Table 3 ). Other taxonomic groups like Libellulidae, Dytiscidae, Ceratopogonidae and Polycentropodidae were also frequently observed, with more than 60% of occurrence in all the streams. In the streams without cover vegetation, especially in those located next to the sugar cane cultivation, a high amount of Odonata (Libellulidae family) and of Annelida, including the families Tubicidae, Naididae and Lumbricidae (Oligochaeta) and Glossiphoniidae (Hirudinea) streams protected by the riparian vegetation showed a great variety of groups such as the Ephemeroptera, Plecoptera and Trichoptera families, and also the Diptera of the Tipulidae and Tabanidae families (Table 2) . Table 4) . The values of the community index (richness index Margalef -I Mg , diversity index Shannon -H' and families richness -F) were high in the streams with the riparian vegetation, except in the São Vicente stream (M1), which presented low diversity (see Table 3 ). In contrast, the Bela Vista stream (C3), situated in an area of the sugar cane cultivation, presented higher diversity index than other areas located in the agricultural activity (opened areas). Among these indexes, the family richness (F) showed high differences. The values of the ratio between the shredders and the collectors specimes also showed great differences between streams located on preserved areas and deforested areas (sugar cane and pasture). An interesting observation was the high percentages of sensitive taxa (EPT) and the ratio Chironomus/other groups in streams located in the preserved areas (Fig. 1) . The biotic index (BMWP and IBB) applied to 11 streams showed a good water quality in the preserved ones (M1-M4) while in the streams with the agricultural activity and pasture a low water quality was observed. Goeldichironomus sp.
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DISCUSSION
Inputs from the riparian sources, in the form of dissolved organic matter, leaf litter, fruits, woody debris and invertebrates, are recognized as important food resources for aquatic food webs in many systems (Lynch et al., 2002) . Several studies have shown the importance of the riparian canopy for the stream macroinvertebrate community's distribution (Dudgeon, 1989; Cummins et al., 1989; Bilby and Bisson, 1998; Sponseller et al., 2001; Mosisch et al., 2001; Ferreira-Peruqueti and Fonseca-Gessner, 2003; Benstead and Pringle, 2004; Goulart and Callisto, 2005) . Bojsen and Jacobsen (2003) and Kay et al. (2001) showed that the reduction of the riparian canopy cause a decrease of litter detritus on the streambed and an increase of periphyton biomass, because of the light-related factors. In these streams, the macroinvertebrate communities were homogeneous and depauperate, in contrast with those of forested areas. Our results showed clearly the importance of the riparian vegetation, which provided major taxa richness in the forested streams (M1 -M4), with exception of the São Vicente stream (M1). For this stream, the proximity with the sugar cane culture and the continuous loss in the last years of the riparian vegetation probably influenced the minor richness. Cummins et al. (1989) have also shown the importance of the riparian canopy as the main factor of increment of the shredders insects. Our results indicated that the larvae of Trichoptera (Calamoceratidae and Odontoceridae) and Diptera (Tipulidae), together with Chironomidae larvae of Stenochironomus spp., Endotribelos spp. and Oukuriella sp., all shredders, were exclusively from the forested streams. Other important aspect was the high participation of the Libelullidae larvae (predators) on the sugar cane streams. Ferreira-Peruquetti and Fonseca-Gessner (2003) observed similar results in their study about the Odonata community in the areas with Cerrado vegetation and sugar cane culture in the state of São Paulo. Nevertheless, the Libelullidae family was also observed in high quantities in the pasture area (P2 stream). Therefore, the occurrence of this group seemed to be more related with the deforestation of the riparian vegetation than to the sugar cane activity. Many streams in São Paulo are located in a Cerrado vegetation area at low altitudes and with sand substrates. As a result, a dominance of the Chironomidae fauna is observed (Roque and Trivinho-Strixino, 2001; Freire and Gessner, 2002) . This fact was also observed in the present study. In contrast, a large number of Chironomus spp. larvae, observed in the deforested streams, is an indicative of the environmental impact caused by the sugar cane cultivation and pasture activity. The larvae of this genus are known as commonly tolerant taxa of the urban and industrial discharge (Roque et al., 2000; Peláez-Rodriguez, 2001; Kleine and Trivinho-Strixino, 2005 the dominance of this genus observed in the deforested streams, could be related to the major inputs of the organic matter content from the land to the streams and to the high values of total nitrogen and phosphorus observed in this study. The community index, in addition to other measurements, gave consistent information about the faunistic characteristics and integrity of the 11 streams. A high taxa richness found for the M2, M3 and M4 streams, added to a high ratio between the sensitive and tolerant taxa (EPT/Chironomidae; Chironomus/Chironomidae) clearly showed the importance of the riparian vegetation for the macroinvertebrates composition. Although, located on a forested area, the São Vicente stream (M1) presented low richness and diversity index. These results probably were related to the sugar cane cultivation near to the riparian vegetation in this stream. This observation justifies the problem of the deforestation of the riparian vegetation in detriment of the growth of the sugar cane cultivation in the state of São Paulo, which causes a high impact in the stream with the loss of biodiversity. In contrast, high values of the richness and diversity index of the Bela Vista stream (C3) can be assigned to the presence of grass in the edges and with the high distance between the streambed and the sugar cane culture. Overall the present results indicated that the deforestation of the riparian vegetation was the principal aspect that influenced the stream macroinvertebrate communities. The loss of the riparian vegetation in the streams with the agriculture activity (sugar cane and pasture) showed clearly the necessity of a suitable management of the hydric resources of the southeast region of Brazil. The management is of high importance in the state of São Paulo, where the agriculture activity, especially the sugar cane culture, reduced drastically the natural vegetation. Moreover, the use of the fertilizers containing metals during different periods of the cultivation of the sugar cane (Corbi et al., 2006; AngelottiNetto et al., 2004; Martins, 2001; Ziolli et al., 1995) 
